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Abstract  

This report documents the efforts involved in determining the feasibility of substituting 
aluminum components with organic matrix composites for application to the Advanced 
Integrated Collective Protection System (AICPS) container. The AICPS container houses an air 
filtration/power generation system capable of providing a temperature-controlled air supply free 
of nuclear, biological, and chemical (NBC) contaminants to tactical vehicles and shelters. 

This study was undertaken to investigate the potential of enhancing the performance of the 
AICPS container in terms of portability (weight), economy (cost and life cycle), detection, and 
reliability (noise and electromagnetic impulse/interference protection). The objective was to 
determine if composite materials would enhance system performance and, if so, to what degree 
and at what cost. 

Efforts to maintain original system geometry and performance specifications resulted in two 
approaches. Results indicate that the application of certain composites to the AICPS container 
would enhance performance in terms of weight. However, the increased cost of both the raw 
materials and of manufacturing the structure, subject to the geometric constraints, was considered 
inefficient. A significant increase in weight savings could be achieved, at a more reasonable 
cost, if geometric constraints were eliminated to allow for rearranging the distribution and 
orientation of internal components. 



Acknowledgments 

The authors would like to thank the following people for their technical and editorial assistance: 

MAJ Richard Brynsvold, Dr. Panagiotis Blanas, Mr. Seth Ghiorse, Mr. Thomas Huduch, Ms. Susan 

Spagnuolo, and Ms. Potoula Bouloukos. 

The authors would also like to acknowledge the assistance provided by Mr. John W. Gillespie, 

Mr. Roderic C. Don, and Mr. Xaoguang Huang, all of the University of Delaware. 

ui 



INTENTIONALLY LEFT BLANK. 

IV 



Table of Contents 

Page 

Acknowledgments • •  m 

List of Figures • • • vu 

List of Tables • • K 

1. Introduction  • • • * 

2. Overview of Composites  4 

2.1 Fibers • • 5 

2.2 Resins  5 
2.3 Prepregs • 8 

2.4 Composites Processing Methods   •  8 

3. Composite Frame by Material Substitution • • • • 10 

4. Composite Side Panels • • •  14 

5. Stiffness Performance and Material Selection   • • • i7 

17 5.1 Analysis • - 
5.1.1 Model Geometry  17 

5.1.2 Loading/Boundary Conditions • •  18 

5.1.3 Materials  ^ 
5.2 Results  19 

6. Cost Analysis  22 

7. Conclusions    

8. References   • • 27 

Appendix A: Suggested Manufacturers and Vendors for Components  29 

Appendix B: Beam Weights and Costs   33 

Appendix C: Processing Steps for Systems   53 



Page 

Distribution List  57 

Report Documentation Page  71 

VI 



List of Figures 

Figure Page 

1. Rear View of AICPS Container  1 

2. Front View of AICPS Container  2 

3. Overhead View of AICPS Container  . 2 

4. AICPS Mounted on High-Mobility, Multipurpose, Wheeled Vehicle 
(HMMWV)  3 

5. The Finite-Element Beam Model, Boundary Conditions, and Load 
Introduction Points  18 

6. Vertical Bending Deflection Response  21 

7. Lateral Twisting Deflection Response  21 

Vll 



INTENTIONALLY LEFT BLANK. 

Vlll 



List of Tables 

Table Page 

1. Properties of Common Reinforcing Fibers   6 

2. Matrix Materials  7 

3. Economic and Design Factors for Laminates   11 

4. Panel Construction Weights  15 

5. Material Properties  20 

6. Finite-Element Results  20 

7. Material Price and Weight Estimates  24 

IX 



INTENTIONALLY LEFT BLANK. 



1. Introduction 

The U.S. Army Research Laboratory (ARL) Weapons and Materials Research Directorate 

(WMRD) was tasked to perform a material substitution feasibility study for the Advanced Integrated 

Collective Protection System (AICPS). This effort was initiated and sponsored by the U.S. Army 

Edgewood Research, Development, and Engineering Center (ERDEC) in an attempt to improve the 

AICPS performance through the use of advanced lightweight materials. The objective of this study 

was to provide alternative material solutions and suitable manufacturing methods for the replacement 

of the current aluminum structure used throughout the AICPS container. This effort provided the 

costs and weights for selected materials/designs and demonstrated whether the substitutions were 

feasible. The current container is made of aluminum box beam stock and aluminum skins. The total 

weight of the system, including frame and skins, is approximately 1,650 lb. The AICPS container is 

shown in Figures 1-4 on the following pages. 

Figure 1. Rear View of AICPS Container. 

Composites have played a major role in enhancing military systems by means of efficiently 

distributing load-bearing materials and optimizing properties as required for particular applications. 

The use of composites allows materials to be tailored for maximum strength-to-weight ratios, thereby 

reducing the quantity of materials used and consequently lowering manufacturing costs.  In this 



Figure 2. Front View of AICPS Container. 

Figure 3. Overhead View of AICPS Container. 

application, organic matrix composites reinforced with graphite and glass fibers were examined as 

substitutes for the aluminum box beams and skins of the AICPS container. Weight, cost, and 

manufacturing methods were the prime issues of interest in the evaluation of these alternative 

materials. 



Figure 4. AICPS Mounted on High-Mobility, Multipurpose, Wheeled Vehicle (HMMWV). 

Two approaches were used to evaluate alternative materials. One approach was to identify each 

individual component of the existing container, characterize the mechanical properties of the 

component, and evaluate a composite replacement in terms of weight and cost. This exercise was 

performed for both graphite and fiberglass. Issues such as mechanically joining beams and bonding 

skins were also examined in an effort to summarize the design for weight and cost evaluations. 

The second approach used in this study was to match the performance of the assembled structure 

in terms of maximum allowable displacement. For the aluminum AICPS container, the maximum 

allowable displacement at the center (midspan with respect to stationary supports) was reported to 

be approximately 1/8 in. A finite element analysis (FEA) model was generated for this purpose, using 

a simplified geometric representation of the current AICPS container. Internal components dictated 

the model geometry, and actual component weights were used in the analysis. Amplification factors 

(experimentally determined accelerations) were used in the static analysis to compensate for 

dynamic loads. 



2. Overview of Composites 

By definition, composite materials are a category of materials consisting of two or more discrete 

materials, each possessing unique properties and distinct physical boundaries, bonded together and 

subsequently producing a single chemically nonhomogeneous solid. Fiberglass/epoxy, for example, 

is a composite material that consists of very fine glass fibers embedded in an epoxy resin. In this case, 

the glass fibers and cured resin each has its own chemical and material properties. In the form of a 

cured composite, the macroscopic solid exhibits its own set of unique properties and material 

characteristics that could not be achieved independently by either the glass or the resin. In general, 

composites are engineered to enhance the mechanical characteristics or properties of the resulting 

structure. 

In most cases, composite materials consist of two main phases: the reinforcement and the 

bonding matrix. The reinforcing material is generally a network of high-tensile or high-modulus 

fibers. Common commercially available fibers such as carbon, various types of glass, and special 

application tradename fibers such as Kevlar (aramid fibers made by DuPont) and Spectra 

(polyethylene fibers made by Allied Signal) constitute the majority of reinforcement fibers in 

structural-grade composite materials. The primary function of the reinforcing fiber is to contribute 

the characteristics of high-strength and load-bearing capacity. Numerous variations of composite 

materials exist where the reinforcement material may be in the form of glass microspheres, short 

discontinuous randomly oriented fibers, randomly oriented long fibers, or long continuously oriented 

(parallel, woven, or wound) fiber arrangements. The reinforcing fibers embedded in the composite 

are set in both position and orientation by what is referred to as the matrix material. 

The matrix is the second main material in a composite. In the practical sense, the matrix can be 

thought of as being the bonding agent or glue through which the higher strength reinforcing materials 

act. The primary functions of the matrix are to maintain the position and orientation of the fibers and 

to aid in transferring loads from fiber to fiber. Matrix materials also act to protect the fibers from 

abrasion and environmental damage such as chemical corrosion and humidity.   In the previous 



fiberglass/epoxy example, the cured plastic resin enhances the performance of the composite material 

by offering a toughness or resistance to fracture that could not be obtained by the glass alone. The 

comparably higher strength glass fibers set in the tough plastic resin act together to achieve both 

strength and toughness in a solid form, thereby qualifying the resulting composite as suitable for 

structural applications. 

2.1 Fibers. High-strength or high-modulus fibers function as the primary load-bearing members 

in fiber-reinforced composite materials. Fibers typically occupy the majority of the volume fraction 

in structural composite materials and are oriented and distributed according to the desired 

performance of the material for a specific application. Individual fibers vary in diameter but are 

generally in the range of 5-10 urn for carbon, roughly 10 urn for glass, and as large as 140 urn for 

metal fibers referred to as whiskers (such as boron or silicon-carbide). Because of their fine diameter, 

fibers are generally grouped into bundles called strands. Dry fiber products are commercially 

available in a variety of configurations including spools of strands, multiple strands called tows, cloth 

sheets or mats called woven roving, and also resin-impregnated fabrics called tape or prepreg. 

Strengths of fiber vary according to type or chemical makeup but in general are high strength and 

relatively stiff and brittle. Table 1 lists some of the more common fibers and demonstrates typical 

strength and stiffness properties. 

2.2 Resins. There are many types of resins available that are used in the manufacturing of 

composite materials. Resins are categorized as either thermoplastic (capable of being reshaped by 

melting and cooling) or thermoset (cured by heat or chemical means into an infusible or insoluble 

material). The resin or matrix contributes very little to the tensile properties but plays a major role 

in the shear properties of composites. The matrix adds to the compressive strength of a composite 

by providing lateral support to the fibers, thereby preventing buckling. Also, the physical 

characteristics of the matrix material, such as viscosity, melting point, and curing temperature, play 

a major role in the process ability and potential formation of defects in a composite. 



Table 1. Properties of Common Reinforcing Fibers8 

Fiber Tensile Modulus 
(xl06psi) 

Tensile Strength 
(x 103 psi) 

Strain to Failure 
(%) 

Common Form/Name 

E-glass 10.5 500 4.8 fiberglass 

S-glass 12.6 625 5.0 fiberglass 

AS-1 33 450 1.32 graphite 

AS-4 36 590 1.65 graphite 

Kevlar 19 525 2.8 Kevlar 

Spectra 900 17 375 3.5 extended chain 
polyethylene 

Note: All values are an average of single-filament tests performed in accordance with ASTM D3379-75. 
a Data extracted from Mallick [6]. 

Some of the most commonly used resins for commercial and research applications are shown in 

Table 2. 

Epoxy resins are commonly employed in structural parts and complex forms. They function as 

potting compounds, adhesives, and complex molding tools. Epoxy resins (specific gravity 1.2-1.3) 

have a wide variety of properties due to the large number of starting materials, curing agents, and 

modifiers available. Some of the other advantages of using an epoxy over other thermosets are the 

low shrinkage during cure (1-5%), no volatiles released during cure, its excellent adhesion to a wide 

variety of fibers, and its excellent resistance to chemicals and solvents. The disadvantages associated 

with epoxy resins are its relatively high cost and long cure times, although accelerators can be used 

to speed up a slow reaction and shorten the cure time. 

Polyester resins are used in the manufacturing of a broad range of products, including boats, golf 

club shafts, fishing rods, appliances, structural parts for automobiles, building panels, and aircraft. 

Polyester resins (specific gravity 1.1-1.4) possess a wide range of properties from hard and brittle 

to soft and flexible. Though their properties are generally lower than epoxies, some advantages (such 

as low viscosity, fast cure time, and low cost) make them the material of choice.  The principal 



Table 2. Matrix Materials8 

Material Application 

Thermoset Polvmers ("resin") 

Principally used in aerospace and aircraft applications. Epoxies 

Polyesters, Vinyl Esters Commonly used in automotive, marine, chemical, and 
electrical applications. 

Phenolics Used in bulk molding compounds. 

Polyimides, 
Polybenzimidazoles (PBI), 
Polyphenylquinoxaline (PPQ) 

For high-temperature aerospace applications 
(temperature range: 250-400° F). 

Thermoplastic Polvmers 

Nylons (such as nylon 6, nylon 6, 6) 
Thermoplastic Polyesters (such as 
polyethylene Terephthakte [PET], 
Polybutylene Terephthalate [PBT]) 
Polycarbonates (PC) 
Polyacetals 

Used with discontinuous fibers in injection molded 
articles. 

Polyamide-Imide (PAI) 
Polyether-Ether Ketone (PEEK) 
Polsulfone (PSUL) 
Polyphenylene Sulfide (PPS) 
Polyether Imide (PEI) 

Suitable for moderately high-temperature applications 
(temperature range: 300-500° F). 

a Data extracted from Mallick [6]. 

disadvantage of polyesters is their high shrinkage (5-12%). Although this aids in the release of parts 

from a mold, the difference in shrinkage between the resin and fibers may result in uneven depressions 

on the molded surface. 

Vinyl ester resins, sometimes referred to as a cross between an epoxy and polyester resin, possess 

good chemical resistance and tensile strength along with a low viscosity and a fast cure time. This 

low viscosity makes vinyl ester a popular choice for the resin transfer molding (RTM) process. 



However, the high volumetric shrinkage (5-10%) and moderate adhesive strength give way to 

epoxies in performance applications. 

2.3 Prepregs. Prepregs are thin sheets of aligned fibers, preimpregnated with specific quantities 

of resin, that form a pliable cloth or tape. The tape is generally stacked at specified orientations to 

the desired thickness over a tool or mold. The curing (hardening) of the prepreg occurs on the tool 

generally in an oven or autoclave or by means of heat lamps or other external initiator. By these 

means, the degree of curing advances from the B-stage (precrosslinked) to the final crosslinked stage 

to produce an insoluble part. There are various forms of commercially available prepregs including 

mats, continuous rovings, or woven fabrics. The resin content of prepregs is typically in the range 

of 30-45 weight-percent, depending on the intended application. Epoxy is the primary resin material 

of choice for most prepregs, although other thermoplastic and thermoset resins are also used. 

Prepreg sheets come in various widths, and a typical cured ply thickness for a unidirectional epoxy 

composite laminate is in the range of 0.005-0.010 in. The advantage of prepregs is the elimination 

of the processing step of wetting out the fibers. The disadvantages are their higher costs, their need 

for refrigerated storage of thermoset resins, and their relatively short shelf life when out of the 

freezer. 

2.4 Composites Processing Methods. There are several manufacturing processes available for 

fiber-reinforced composites that are suitable for the components pertaining to this system. Methods 

under consideration in this study such as hand lay-up, filament winding, pultrusion, and RTM were 

investigated as potential methods to manufacture beams and panels. 

Hand lay-up is the application of laying prepreg or dry fiber mats onto a male or female mold of 

the desired shape. This involves cutting fabric to size, then applying the fabric onto the mold. Resin 

must be applied to each individual ply after it is laid into position. The part is then vacuum-bagged, 

subjecting the mold and wetted fabric to compression by means of atmospheric pressure. Curing of 

the part generally occurs in an autoclave or oven although there are also room temperature curing 

resin systems. Finally, the finished parts are removed and demolded (separated from the tool). 

Prepreg lay-up operations are similar to hand lay-ups, the difference being that the fiber or fabric is 

8 



already impregnated with resin, thereby resulting in fewer steps to manufacture the part. Using 

prepreg can reduce fabrication time, but it is significantly more expensive. Hand lay-up and prepreg 

lay-up techniques are manually intensive processes and have drawbacks such as low production rates 

and the need for skilled labor. Automated prepreg tape lay-up machines are available for a limited 

number of applications and material types, but there is a large capital investment associated with the 

purchase of this type of equipment. 

Filament winding, on the other hand, combines a moderate rate of production with a high rate of 

reproducibility. Filament winding is a process where continuous rovings or monofilaments are wound 

over a rotating mandrel. Specific part properties can be achieved by controlling the winding angle 

(fiber orientation with respect to the mandrel). These angles can vary from 0-90°, depending on the 

requirements. In the filament winding process, the fiber is impregnated with resin by being pulled 

through a liquid resin bath while under tension. The wetted fibers are then spun onto the mandrel in 

either a repeating pattern or adjacent bands to cover the mandrel surface. The part is then cured and 

removed from the mandrel. 

Composite processing by means of pultrusion provides a high production rate, high 

reproducibility, and low cost. The pultrusion method is a continuous process in which dry fiber is 

pulled through a resin bath and then through preforms of the desired shape. Preforms are used to 

gradually form the fiber bundles into the desired shape to allow easier entry into the die. Finally, wet 

preshaped fibers enter a heated die for curing. Most of the pultruded shapes, whether solid or hollow, 

result in unidirectional fiber orientations. Recent advancements in pultrusion processing, however, 

enable the processor to use fabrics to tailor the properties of these profiles to fit a wide scope of 

engineered and structural requirements. 

RTM is a closed mold operation that provides two high-quality surface finished parts. The RTM 

process begins by cutting reinforcement to the desired shape and size, then laying the reinforcement 

into a mold. The mold is closed, and resin is injected or transferred into the mold, completely wetting 

out (impregnating) the enclosed reinforcement. The resin injection system is a high-pressure pump 

that mixes the resin and catalyst together just before entering the closed mold. As the resin works 



its way through the mold and reinforcement, entrapped air is pushed out through vent holes located 

around the mold. Most RTM applications use a room temperature cure polyester or vinyl ester resin, 

but resins that cure at elevated temperatures can be used if the RTM machine has a heated mold for 

curing. Vacuum-assisted RTM (VARTM), which is a variation of the traditional RTM process, can 

also be performed using a one-sided mold and a vacuum bag. This method is accomplished by using 

a vacuum to pull the resin from one side of the part to the other, impregnating the reinforcement and 

removing air along the way. This can be accomplished in a closed mold or a one-sided mold using 

vacuum-bagging techniques. The one-sided method reduces mold costs, but is more time consuming 

than conventional RTM due to the bagging steps required. RTM or VARTM would both be suitable 

methods for making the side panels in this application. This process can be used for making the 

sandwich structures as well as composite panels [ 1 ]. Table 3 shows some of the economic and design 

factors associated with the various processing methods (taken from Lubin [1982]). 

3. Composite Frame by Material Substitution 

A major effort was undertaken to review the current AICPS container design. Each major 

structural member was identified, itemized, and characterized in terms of four main mechanical 

properties. Calculations were performed to determine (1) buckling strength, (2) bending stiffness, 

(3) axial stiffness, and (4) compressive/tensile strength of each member (see Appendix B). Since 

some of the previously mentioned criteria are functions of length and not exclusively cross section, 

each beam was evaluated individually. Properties of composite materials were used in the design of 

beams and panels to arrive at cross sections that would match the performance of all structural 

members identified. This exercise was performed for both fiberglass and graphite-reinforced 

composites. In each case for the composites, a single minimum cross section capable of performing 

as well as the aluminum was evaluated in terms of total weight and cost for all beams in the structure. 

Several composite manufacturing processes were examined for beams used in this particular 

application. Since the current design was structurally adequate for its intended purpose, a "one-for- 

one" substitution (qualified by satisfying all four criteria) would provide the same strength and 

10 



Table 3. Economic and Design Factors for Laminates 

Molding Process Equipment 
Cost 

Date of 
Production 

Molded 
Part 

Strength 

Importance of 
Operator's 

Skill 

Part 
Complexity 

Possible 

Part 
Reproducibility 

Hand Lay-Up 1 3 3 10 9 1 

Vacuum Bag 2 2 4 10 9 3 

Pressure Bag 3 1 6 6 7 4 

Spray-Up 4 4 3 10 8 1 

Filament Winding 6 6 10 2 4 9 

Pultrusion 7 9 9 2 2 10 

SMC 10 8 7 4 9 10 

Centrifugal 9 7 8 3 3 6 

Continuous 
Laminate 

10 10 5 2 1 10 

  

Regin Injection 3 2 3 7 7 
8 

Injection 10 10 6 2 10 
10 

Shell Coating 9 4 3 5 7 
9 

Premix (BMC) 9 8 7 4 8 .0         I 

Note: 10 equals highest; 1 equals lowest. 

deflection. The container was required to deflect no more than 1/8 in. The bending stiffness 

(modulus, E, times the moment of inertia, I) and the tension/compression stiffness (AE/L, where A 

is the cross-sectional area of the beam) were the limiting factors for most members using this 

approach. 

Matching the product of "E" and "I" of the composite beams to that of the aluminum allowed for 

the theoretical determination of a satisfactory beam cross section. Commercially available beams of 

adequate dimensions and properties were examined for both graphite and fiberglass pultruded box 

beams. The moduli of the materials used within each beam were 10 Msi, 2.5 Msi, and 15 Msi, for 

aluminum glass, and graphite, respectively. These values were chosen for performing calculations 

based on vendor data for each of the pultruded shapes. The Morrison Molded Fiber Glass (MMFG) 

11 



Company's design manual and shape index were used to obtain the required beam dimensions. See 

Appendix A for a list of other possible manufacturers and vendors for components. 

Results of selected beam property requirements are shown in Appendix B for the original 

aluminum design, a fiberglass substitution, and a graphite substitution. The component designation 

numbers in these charts (i.e., SH2 No. 3) identify each beam as it was measured from the engineering 

drawings. For instance, SH2 No. 3 represents a beam designated as No. 3 from drawing titled 

"sheet 2." 

The total weight of each solution is shown on the bottom of each chart set. These charts provide 

a means of comparing properties, price, and weight. As can be seen from these charts, all properties 

for the fiberglass and graphite designs are equal to or greater than the aluminum design. The bending 

stiffness and axial stiffness calculated from aluminum beam data provided a means for calculating 

beam dimensions required for the composite solutions. For example, in the case of the fiberglass box 

beams, the bending stiffness (El) was calculated using the following equation: 

(EI)AL = (EI)GL 

1.765 x 106 = (2.5 x 106)I - 1 = 0.71. 

Reviewing cross-sectional properties, from MMFG and other commercial composites 

manufacturers' literature, resulted in the selection of a hollow box beam with dimensions of 

2 in x 2 in x 0.25 in with an I of 0.91 (a value of 0.71 or greater is required for the design). It should 

be noted, however, that in the manufacturers' literature, the term "commercially available" means the 

company has a die available to make a particular-shaped (dimensioned) beam. 

It appeared that these beam dimensions were sufficient for this application due to the fact that the 

bending stiffness of this glass beam was 20% greater than that of the aluminum beams. To satisfy 

axial stiffness requirements, however, a beam with dimensions of 2.5 in x 2.5 in x 0.25 in would be 

required. Under these circumstances, the fiberglass system (frame beams only) was heavier than the 

current aluminum design (see Appendix B). 

12 



The graphite frame, though more expensive than the aluminum, is a more suitable material due 

to the weight savings involved. Graphite provides superior properties, while utilizing smaller 

beams—namely, 1.25 in x 1.25 in x 0.125 in (see Appendix B). 

Due to the complexity of some of the corner castings, it is recommended that the current 

aluminum joints also be used for the composite design as well. Manufacturing the more complex 

corner (joint) shapes using composites could be done but would be would be significantly more 

expensive than aluminum. Burnham Products, Inc., was found to be a qualified cost-effective 

manufacturer of the less complex composite corner shapes that could be used in tandem with the 

more complicated aluminum castings. 

Fastening or bonding of the frame beams to the structural side panels could be achieved most 

effectively through the use of an adhesive system. A large selection of adhesive systems are qualified 

for this application; for instance, 3M has two systems that are suitable for the job—namely, DP420 

and DP190. These are two-part epoxy systems consisting of a base and an accelerator. These 

adhesives are capable of bonding both composite to composite and composite to aluminum. They 

have a temperature service range of -67°-350° F, excellent environmental/chemical resistance, and 

good shear-strength properties. To assure quality bonds, it is recommended that the bonding surfaces 

be prepared by either light abrasion or degreasing with a solvent such as isopropyl alcohol. 

There were several factors influencing U-channel (engine mounts) material selection. For 

instance, fiberglass U-channels required for this application weigh 1.40 ft/lb and cost approximately 

$6.25/ft to manufacture (not including setup charge). The setup charge is an expense incurred by the 

manufacturer for preparing a machine for pultruding a particular shape. This price is based on a 

minimum mill run of 2,500 ft, and anything less than that is priced according to the percentage ofthat 

mill run ordered. For graphite channels, cost increases by a factor of approximately 3. Again, these 

prices were based on typical mill runs and would increase dramatically for the amount required for 

this application. 

13 



In the case of the engine-mount application, however, aluminum is most appropriate due to its 

superior fatigue properties relative to both fiberglass and graphite. For this reason, and due to the 

fact that only two beams are required per AICPS system, aluminum is the recommended material for 

mounting the motor as well as other dense vibrating components. 

4. Composite Side Panels 

There are numerous composite side panel configurations that are suitable for the AICPS 

application. This study examined some of the more common selections and provided advantages, 

approximate cost, and weights for each. One type of panel construction available consists of glass 

and/or graphite "skins" with a honeycomb or foam-type core. Honeycomb is a synthetic, calendered 

paper produced exclusively by DuPont under the trade name Nomex. It is tough, impact resistant, 

and very lightweight. The "expanded" core creates cells that result in an anisotropic material, and 

the resulting directional properties should be adapted to the anticipated loads. The core is dip-coated 

with a suitable resin after having been expanded to the desired size. The resin coated honeycomb is 

then adhesively bonded to thin, lightweight skins (most commonly glass or graphite), resulting in a 

sandwich-type structure. 

Honeycomb sandwich panels, such as aircraft flooring sections (manufactured by M.C. Gill 

Corporation), could be used as AICPS container panels. Selection of the core skins (E-glass, S-2 

glass, or graphite) affords tailoring the panels to unique properties as required for the intended 

application. The use of S-2 glass provides high-impact resistance, corrosion resistance, and high 

tensile strength. Graphite provides reduced weight and high stiffness. Panels of this type, with either 

fiberglass or graphite skins, would enhance noise suppression capabilities as compared to the current 

aluminum shear skins. The disadvantages of using graphite are lower impact resistance, galvanic 

corrosion, and higher cost than both aluminum and fiberglass. 

Typical panel weights using graphite and/or fiberglass face sheets and Nomex honeycomb cores 

are shown in Table 4. Based on outside AICPS container dimensions, the weight for the front and 

14 



Table 4. Panel Construction Weights8 

Construction Panel 
Thickness 

(in) 

Core 
Density 
(PCF) 

Panel 
Weight 
(PSF) 

Total Weight 
Panels 
(uncut) 

(lb) 

Total Weight 
Panels With 

Cut-Outs 
(lb) 

Graphite 
Facing/Honeycomb Core 

0.400 4 0.42 37.8 26.5 

FRPb Facing/Honeycomb 
Core 

0.400 5 0.52 46.8 32.7 

FRP Facing/Honeycomb 
Core 

0.400 9 0.64 57.6 40.2 

FRP-Grapbite Face 
Honeycomb Core 

0.400 8 0.58 52.2 36.45 

a Extracted from M. C. Gill Doorway Corp. [7]. 
b Fiberglass-reinforced plastic 

back panels is (determined to be) 6.74 lb each. Top and bottom panels are determined to weigh 

8.75 lb each, and side panels weigh 3.41 lb each. These weights are for the panels only and do not 

include any of the necessary cutout details, fasteners, or electromagnetic impulse (EMI) shielding. 

EMI shielding, based on similar shielding used in the Composite Armored Vehicle (CAV), weighs 

approximately 0.169 lb/ft2. Integration of EMI shielding results in slightly heavier panels (9.45 lb for 

front/back, 12.27 lb for the top/bottom, and 4.78 lb for the end panels). Total weight of panels 

required for the entire container including EMI shielding is 53 lb. 

Estimated weight for the six side panels (graphite faced and honeycomb core) is approximately 

38 lb. The same panels including EMI mesh protection weigh 53 lb. Replacing the graphite skins 

with E-glass skins, including the weight of the EMI mesh, increases the panel set weight to 62 lb. 

Hybrid panels incorporating both fiberglass, for galvanic corrosion protection, and graphite, for 

greater structural integrity, weigh approximately 67 lb per AICPS container set (including EMI 

shielding). 

15 



Also available from Nida-Core Corporation is a phenolic (high-temperature synthetic resin) 

foam-filled honeycomb core for improved fire resistance as well as a polyurethane foam-filled core 

offering greater insulative properties. These panels are available in thicknesses from 3/16 in up to and 

including 18 in. Panels of this type provide excellent impact resistance, outstanding bonding 

properties, and higher fatigue resistance. Foam-filled cores contribute roughly 1.87 lb/ft3 to the 

weight of a foam-filled panel. 

In addition to those mentioned previously, there are numerous foam core panel configurations 

available that could improve container performance in terms of weight, stiffness, noise/signature 

suppression, or EMI protection. However, a basic fiberglass or graphite laminate panel offers most 

of the same advantages at a much lower cost. For the AICPS application, foam core panel 

alternatives would significantly increase system cost for disproportionately few property 

enhancements. 

Similarly, there are tradeoffs associated with the choice of materials used for laminated container 

panels. The most economical solution would be to use E-glass fabric with epoxy or polyester resin. 

The E-glass panel thickness required to match the strength and stiffness of the aluminum is 0.16 in 

as calculated as follows [8]: 

TA 
= TBIA — IB, 

where 

TA is unknown thickness for woven roving hand lay-up, 

TB is the existing aluminum thickness = 0.095 in, 

IA is hand lay-up woven roving thickness index (stiffness) = 0.78, and 

IB is the aluminum thickness index (stiffness) = 0.46. 

Choosing a graphite laminate reduced weight at the expense of cost. The average density for 

carbon fiber is 0.065 lb/in3.   Due to the stiffness properties associated with carbon fibers, the 
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thickness of these panels decreased to a 0.10 in or less. System costs and weights are summarized 

later in the Cost Analysis Section of this report. 

5. Stiffness Performance and Material Selection 

A finite-element model of the AICPS support structure was developed to evaluate its overall 

deflection response (stiffness) for various potential candidate materials, which would be considered 

to replace the current baseline aluminum design. It is noted that no attempt was made here to 

"redesign" the current structure as this study is only intended to make relative comparisons in stiffness 

performance as a function of material type. The materials considered in this study are (1) baseline 

aluminum, (2) unidirectional graphite/epoxy, (3) graphite/epoxy fabric, and (4) titanium. Details of 

the investigation are provided in suceeding text. Based on preexisting geometry-related design 

constraints imposed by the current configuration, the composite systems investigated were not found 

to offer substantial gains in the overall stiffness above that of the aluminum structure. This 

observation is attributed to the fact that the transverse shear stiffness in the beams (a weak direction 

for the composite systems) contributes substantially to the load-carrying ability of the AICPS 

structure. To reinforce this fact, a stiffer, homogeneous metallic titanium structure was modeled and 

was found to offer substantial performance gains over the baseline aluminum design. The findings 

here suggest that unless a significant redesign of the current aluminum configuration (geometry) is 

made, the full potential stiffness and strength benefits offered by fiber-reinforced polymer composites 

may not be fully exploited in this application. 

5.1 Analysis 

5.1.1 Model Geometry. The geometry of the finite-element model employed in this investigation 

was an approximation of the actual AICPS structure. The finite-element representation of the 

structure was composed of beam elements only and neglected the load-bearing contributions of the 

face sheet components. ABAQUS [2] beam elements of the type B32 were used (three-noded beam 

elements that account for transverse shear and axial deformation). A total of 250 elements were used 
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in the model. The beam model used is shown in Figure 5. For each material type considered in this 

investigation, the cross-sectional geometry of the box beams used in the model was held constant and 

equal to those referenced for the baseline aluminum design prepared by the Foster Engineering 

Co. [3]. It is noted that two additional cross members, which do not exist in the actual AICPS 

structure, were added to the floor of the structure to increase lateral twisting stiffness. 

ii  1 

A0    .-.   "  t 

D*^ 

Figure 5. The Finite-Element Beam Model, Boundary Conditions, and Load Introduction 
Points. 

5.1.2 Loading/Boundary Conditions. All beam elements were assumed to be rigidly connected 

at their respective points of contact. The rear of the AICPS structure (beam model) was assumed 

to be rigidly attached to the adjacent supporting wall structure (see Figure 5). 

Two different load cases were considered in this study: vertical bending (about the global X-axis) 

and lateral twisting (about the global Y-axis). A static load equivalent was calculated for the 

structure and applied at two central locations (PI and P2) within the model (see Figure 5). The 

magnitude of the load was based on information [3] for the aluminum design. Namely, a total 

structural weight of 1,650 lb was assumed with accelerations of 4 g for vertical bending and 3 g for 
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lateral twisting.   This corresponded to statically applied force loads of 6,600 lb and 4,950 lb, 

respectively. 

5.1.3 Materials. As mentioned previously, four different materials were considered in this study: 

(1) baseline aluminum [3], (2) unidirectional graphite/epoxy, (3) graphite/epoxy fabric, and (4) 

titanium. The properties used for each of these materials are listed in Table 5. The 1-direction 

corresponds to the axial direction in the beam. The 2- and 3-directions correspond to the transverse 

and normal directions of the beam, respectively. Both the aluminum and titanium materials were 

assumed isotropic. 

5.2 Results. A finite-element analysis was conducted for each of the two load cases and for each 

of the four materials. For each load and material case, a maximum deflection was recorded to give 

an indication of the relative deflections of the various materials with respect to the aluminum baseline 

design. It is noted that despite the simplifying assumptions made in this analysis, the predicted 

deflection for the aluminum baseline model (0.0988 in) is reasonably consistent with the 0.1250 in 

allowable suggested by Lockheed Martin [4]. 

In order to make quantitative comparisons of the structural performance for each material and 

load case, a global stiffness for the entire AICPS structure was defined. This structural stiffness was 

based on the global X- and Y-direction deflections of the A, B, C, and D "corner" points on the 

model (see Figure 5). The vertical bending stiffness, Ky, was defined as Ky = Fy/Yave, where Fy is the 

applied vertical bending load (6,600 lb) and Yave is the average Y-direction deflection of the corner 

points A, B, C, and D in the model. The lateral twisting stiffness, K^ was defined similarly as 

K, = F,/Xave, where Fx is the applied lateral twisting load (4,950 lb) and Xave is the average X-direction 

deflection of the corner points A, B, C, and D in the model. All vertical bending and lateral twisting 

stiffnesses were compared with the aluminum design and listed as a percentage difference from these 

baseline reference values. 

The results are summarized in Table 6. For illustrative purposes, typical vertical bending and 

lateral twisting deflection responses are shown in Figures 6 and 7, respectively. It is noted that the 
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Figure 6. Vertical Bending Deflection Response. 

Figure 7. Lateral Twisting Deflection Response. 

trends found in the relative maximum deflections of the corner points are reflected in the values given 

for the structural stiffness results. Both graphite/epoxy designs did not show any significant stiffening 

improvements over the aluminum design. For example, the graphite/epoxy fabric design only showed 

an increase in the vertical bending and lateral twisting stiffnesses of 5% and 9%, respectively. 

Although the graphite/epoxy unidirectional design showed a 13 % increase in lateral twisting stiffness, 
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it showed a sharp drop of 13% in vertical bending. The relatively small performance gains of the 

graphite/epoxy systems may not be significant enough to merit potential cost increases over the 

baseline aluminum design. 

A titanium material example case was run and provided an interesting result. This material 

showed a significant 34% increase in structural stifmess over the aluminum design both in vertical 

bending and lateral twisting. The increased shear stiffness offered by the titanium material translates 

into an overall stiffer structure. This result demonstrates that the overall stifmess of the current 

AICPS design configuration is largely affected by the transverse shear stiffness of the box beams. It 

is noted that to fully exploit the high axial stifmess and strength of fiber-reinforced systems, a redesign 

of the current geometric configuration must be considered. This, example also suggests that weight 

savings with a titanium design are possible but would require further investigation to include 

performance vs. cost trade-off studies. 

6. Cost Analysis 

Approximate cost assessments were tabulated for a series of AICPS container alternatives. 

Where commercial estimates were not available, costs were calculated based on ARL-WMRD 

operating and procurement data. Material common to most options, as well as that of the baseline 

(aluminum) structure, is itemized with unit costs as follows: 

aluminum (1100 grade)  $   1.68/ft at 2,500 ft mill run 

E-glass  $   7.00/ft at 2,500 ft mill run 

graphite  $ 10.00/ft at 2,500 ft mill run 

setup charge  $500.00-$ 1,000.00 (range of cost per machine) 

commercial cut-to-length  $0.40 per order (single cut). 

To obtain a reasonable estimate for the container panels, several important factors were taken into 

consideration. If a sandwich structure was chosen, price would depend on type of core material, type 
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of skin material, incorporation of EMI shielding, encapsulation of edges, and machining cost for holes 

and cut-outs. Encapsulation of the edges refers to the process of applying an adhesive or resin 

coating, preferably a conductive type for EMI purposes, along the open edges of the panels. The 

cost of core material was based on square footage of panels ordered and ranged from approximately 

$1.40 to $1.75/ft2. For the AICPS container, this amounts to an approximate cost of $160.00 per 

system. Additional costs, such as purchasing skins, bonding skins to cores, and machining the 

finished sandwich panel would increase this cost significantly. Weights and prices for any special 

beams, U-channels, and four mounting brackets need to be included in all systems itemized as in 

Table 7. 

7. Conclusions 

The conclusions drawn from this study indicate that the AICPS container performance could be 

enhanced in terms of both weight and signature/noise reduction through the use of composites. A 

number of composite material systems would qualify successfully in the substitution for aluminum 

container components. The degree of enhancement in some cases was shown to be marginal at best 

while increasing the production costs significantly. 

A finite-element model of the AICPS support structure was developed to evaluate its overall 

deflection response (stiffness) for various potential candidate materials, which could be considered 

to replace the baseline aluminum design. Several materials were considered in this study: (1) baseline 

aluminum, (2) unidirectional graphite/epoxy, (3) graphite/epoxy fabric, and (4) titanium 

Based on preexisting geometry-related design constraints imposed by the current configuration, 

the composite systems were not found to offer substantial gains in the overall stiffness above that of 

the aluminum structure. This observation is attributed to the fact that the transverse shear stiffness 

in the beams (a weak direction for the composite systems) contributes substantially to the 

load-carrying ability of the AICPS structure. To reinforce this fact, a stiffer, homogeneous metallic 

titanium structure was modeled and found to offer substantial performance gains over the baseline 
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aluminum design. These findings suggest that unless a significant redesign of the current aluminum 

configuration (geometry) is made, the full stiffness and strength benefits offered by fiber-reinforced 

polymer composites cannot be fully exploited in this application. Findings of this study also suggest 

that weight savings with a titanium design are possible, but would require further investigation to 

include performance vs. cost trade-off studies. 

Tabulated cost and material options based on supplier cost quotes (or information from similar 

prototype fabrication efforts undertaken by ARL's WMRD) demonstrate the economic implications 

of choosing advanced materials for the current AICPS container. Prices were based on estimated 

labor charges required to manufacture 100 systems per year. These prices neglect any commercial 

overhead costs that may be incurred. The most cost-sensitive variable influencing unit price is driven 

by geometry (i.e., the cost per unit decreases as unit area increases [5]). 

The lightest composite system examined was the graphite beam/graphite skin/honeycomb core 

sandwich structure. This system weighed approximately 123 lb but was also the most expensive. The 

glass/honeycomb system with graphite beams was less costly but was 10 lb heavier. A graphite beam 

frame with graphite or glass panels could be implemented as a compromise between weight and cost. 

Another method would be to incorporate the frame or composite panels, whether a sandwich 

structure or just composite, into the current aluminum system. 

Swapping composite for aluminum in a one-to-one exchange is usually not an optimal solution 

and tends to drive up costs. The AICPS is very complex and would be costly as a composite 

application due to the many components in the structures current configuration. Alternative 

manufacturing methods would be to filament-wind or use a VARTM technique. Stiffeners would 

have to be added in order to rigidly fasten internal components where needed. An optimal solution 

would be a new ground-up design for a composite system. 
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Appendix A: 

Suggested Manufacturers and Vendors for Components 
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Suggested Manufacturers: 

United Defense, L.P. 
Ground Systems Division 
2890 De La Cruz Blvd. 
Santa Clara, CA 95052 

Marion Composites 
A Division of Technical Products Group, Inc. 
150 Johnston Road 
Marion, VA 24354 

Suggested Vendors For Individual Components: 

M.C. Gill Corp. 
4056 Easy St. 
El Monte, CA 91731 

Product: Composite Panels 
Composite Sandwich Structures 

Composix Co. 
120 O'Neill Drive 
Hebron, OH 43025 

Product: Composite Panels 
Composite Sandwich Structures 

Morrison Molded Fiber Glass Company 
400 Commonwealth Avenue 
Box 580 
Bristol, VA 24203-0580 

Product: Composite Structural Shapes (Box Beams, U-Channels) 

Bumham Products, Inc. 
2700 S. Custer 
P.O. Box 12950 
Wichita, KS 67277 

Product: Composite Structural Shapes 
Composite Panels 
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Appendix B: 

Beam Weights and Costs 
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Appendix C: 

Processing Steps for Systems 
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Systems A through C: Process Steps 

1. Manufacturing/purchase of graphite beams. 
2. Purchase of EMI mesh. 
3. Manufacturing/purchase of skin/honeycomb panels.   EMI mesh incorporated into panels by 

vendor. 
4. Purchase of 2-, 3-, and 4-way connectors. 
5. Machining: trim panels, cut-outs, and drill holes in panels, and beams. 
6. Assembly of composite beam frame (adhesive and/or mechanical fasteners). 
7. Curing of adhesive. 
8. Bonding/fastening of panels to frame. 
9. Chemical Agent Reactive Coating (CARC) paint. 

Systems D and E: Process Steps 

1. Manufacturing/purchase of graphite beams. 
2. Purchase of EMI mesh. 
3. Purchase of dry fabric and resin or prepreg. 
4. Purchase of connectors. 
5. Lay-up of composite side panels. 
6. Cure of panels. 
7. Machining: trim panels, cut-outs, and drill holes in panels, and beams. 
8. Assembly of composite beam frame (adhesive and/or mechanical fasteners). 
9. Curing of adhesive. 
10. Bonding/fastening of panels to frame. 
11. CARC paint. 
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NO. OF 
COPIES ORGANIZATION 

NO. OF 
COPIES ORGANIZATION 

DEFENSE TECHNICAL 
INFORMATION CENTER 
DTICDDA 
8725 JOHN J KINGMAN RD 
STE0944 
FT BELVOIR VA 22060-6218 

1      DIRECTOR 
US ARMY RESEARCH LAB 
AMSRLD 
RWWHALIN 
2800 POWDER MILL RD 
ADELPHI MD 20783-1145 

HQDA 
DAMOFDQ 
D SCHMIDT 
400 ARMY PENTAGON 
WASHINGTON DC 20310-0460 

OSD 
OUSD(A&T)/ODDDR&E(R) 
RJTREW 
THE PENTAGON 
WASHINGTON DC 20301-7100 

DPTYCGFORRDEHQ 
US ARMY MATERIEL CMD 
AMCRD 
MG CALDWELL 
5001 EISENHOWER AVE 
ALEXANDRIA VA 22333-0001 

DIRECTOR 
US ARMY RESEARCH LAB 
AMSRLDD 
J J ROCCHIO 
2800 POWDER MILL RD 
ADELPHI MD 20783-1145 

DIRECTOR 
US ARMY RESEARCH LAB 
AMSRL CS AS (RECORDS MGMT) 
2800 POWDER MILL RD 
ADELPHI MD 20783-1145 

DIRECTOR 
US ARMY RESEARCH LAB 
AMSRL CILL 
2800 POWDER MILL RD 
ADELPHI MD 20783-1145 

INST FOR ADVNCD TCHNLGY 
THE UNIV OF TEXAS AT AUSTIN 
PO BOX 202797 
AUSTIN TX 78720-2797 

DARPA 
B KASPAR 
3701 N FAIRFAX DR 
ARLINGTON VA 22203-1714 

NAVAL SURFACE WARFARE CTR 
CODE B07 J PENNELLA 
17320 DAHLGRENRD 
BLDG 1470 RM 1101 
DAHLGREN VA 22448-5100 

US MILITARY ACADEMY 
MATH SCI CTR OF EXCELLENCE 
DEPT OF MATHEMATICAL SCI 
MAJMD PHILLIPS 
THAYERHALL 
WEST POINT NY 10996-1786 

ABERDEEN PROVING GROUND 

DIRUSARL 
AMSRL CILP (305) 
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NO. OF 
COPIES ORGANIZATION 

1 DIRUSARL 
AMSRL CP CA D SNIDER 
2800 POWDER MILL RD 
ADELPHIMD 20783 

1 CDRUSARMYARDEC 
AMSTA AR FSE T GORA 
PICATINNY ARSENAL NJ 
07806-5000 

NO. OF 
COPIES ORGANIZATION 

5 CDR US ARMY ARDEC 
AMSTA AR CCH 
SMUSALLI 
P CHRISTIAN 
RCARR 
M LUCIANO 
T LOUCEIRO 
PICATINNY ARSENAL NJ 
07806-5000 

CDRUSARMYARDEC 
AMSTA AR TD 
R PRICE 
V LINDNER 
C SPINELLI 
PICATINNY ARSENAL NJ 
07806-5000 

US ARMY TACOM 
AMSTA JSK 
S GOODMAN 
J FLORENCE 
AMSTA TRD 
BRAJU 
LHINOJOSA 
D OSTBERG 
WARREN MI 48397-5000 

PMSADARM 
SFAE GCSS SD 
COL B ELLIS 
MDEVINE 
WDEMASSI 
JPRITCHARD 
SHROWNAK 
PICATINNY ARSENAL NJ 
07806-5000 

CDR US ARMY ARDEC 
F MCLAUGHLIN 
PICATINNY ARSENAL NJ 
07806-5000 

CDR US ARMY ARDEC 
AMSTA AR E FENNELL 
PICATINNY ARSENAL NJ 
07806-5000 

CDRUSARMYARDEC 
AMSTA AR CCH 
PICATINNY ARSENAL NJ 
07806-5000 

CDRUSARMYARDEC 
AMSTA AR 
PICATINNY ARSENAL NJ 
07806-5000 

CDRUSARMYARDEC 
AMSTA AR CCH P 
JLUTZ 
PICATINNY ARSENAL NJ 
07806-5000 

CDRUSARMYARDEC 
AMSTA AR FSFT 
C LIVECCHIA 
PICATINNY ARSENAL NJ 
07806-5000 

CDRUSARMYARDEC 
AMSTA AR QAC TC 
CPATEL 
PICATINNY ARSENAL NJ 
07806-5000 

CDR US ARMY ARDEC 
AMSTA AR M 
DDEMELLA 
FDIORIO 
PICATINNY ARSENAL NJ 
07806-5000 
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NO. OF 
COPIES ORGANIZATION 

NO. OF 
COPIES ORGANIZATION 

CDR US ARMY ARDEC 
AMSTAARFSA 
AWARNASH 
BMACHAK 
CCHIEFA 
PICATINNY ARSENAL NJ 
07806-5000 

DIR 
BENET LABORATORIES 
AMSTA AR CCB 
JKEANE 
J BATTAGLIA 
J VASILAKIS 
GFFIAR 
V MONTVORI 
JWRZOCHALSKI 
R HASENBEIN 
SMCARCCBRSSOPOK 
WATERVILIETNY 12189 

CDR 
SMCWV QAE Q B VANINA 
BLDG 44 WATERVLIET 
ARSENAL 
WATERVLIET NY 12189-4050 

CDR 
SMCWV SPM T MCCLOSKEY 
BLDG 253 WATERVLIET 
ARSENAL 
WATERVLIET NY 12189-4050 

CDR WATERVLIET ARSENAL 
SMCWV QA QS KINSCO 
WATERVLIET NY 12189-4050 

CDR 
US ARMY ARDEC 
PRODUCTION BASE MODERN 
ACTY 
AMSMC PBM K 
PICATINNY ARSENAL NJ 
07806-5000 

CDR US ARMY ARDEC 
AMSTA AR FSPG 
M SCHIKSNIS 
D CARLUCCI 
PICATINNY ARSENAL NJ 
07806-5000 

US ARMY COLD REGIONS 
RESEARCH AND ENGNR LAB 
PDUTTA 
72LYMERD 
HANOVER NH 03755 

DIRUSARL 
AMSRL WT LD WOODBURY 
2800 POWDER MILL RD 
ADELPHIMD 20783-1145 

CDR US ARMY MICOM 
AMSMI RD W MCCORKLE 
AMSMI RD ST P DOYLE 
AMSMI RD ST CN T VANDIVER 
REDSTONE ARSENAL AL 
35898-5247 

US ARMY RESEARCH OFFICE 
A CROWSON 
JCHANDRA 
PO BOX 12211 
RSRCH TRIANGLE PARK NC 
27709-2211 

US ARMY RESEARCH OFFICE 
ENGNRNG SCIENCES DIV 
R SINGLETON 
GANDERSON 
KJYER 
PO BOX 12211 
RSRCH TRIANGLE PARK NC 
27709-2211 

CDR 
US ARMY BELVOIR RD&E 
STRBEJBC 
FT BELVOIR VA 22060-5606 
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NO. OF 
COPIES ORGANIZATION 

5        PM 
TANK MAIN ARMAMENT SYS 
SFAE GSSC TMA 
COLPAWLICKI 
KKIMKER 
E KOPACZ 
RROESER 
B DORCY 
PICATINNY ARSENAL NJ 
07806-5000 

1 PM 
TANK MAIN ARMAMENT SYS 
SFAE GSSC TMA SMD 
R KOWALSKI 
PICATINNY ARSENAL NJ 
07806-5000 

2 PEO FIELD ARTILLERY SYS 
SFAE FAS PM 
H GOLDMAN 
T MCWILLIAMS 
PICATINNY ARSENAL NJ 
07806-5000 

2        PM CRUSADER 
GDELCOCO 
J SHIELDS 
PICATINNY ARSENAL NJ 
07806-5000 

2        CDRDARPA 
J KELLY 
BWJLCOX 
3701 N FAIRFAX DR 
ARLINGTON VA 22203-1714 

1 CDRUSARDEC 
TSACHAR 
INDUSTRIAL ECOLOGY CTR 
BLDG 172 
PICATINNY ARSENAL NJ 
07806-5000 

1 CDRUSAATCOM 
AVIATION APPLIED TECH DIR 
J SCHUCK 
FTEUSTISVA 23604-1104 

NO. OF 
COPIES ORGANIZATION 

1 CDRUSARDEC 
AMSTA AR SRE D YEE 
PICATINNY ARSENAL NJ 
07806-5000 

7 CDRUSARDEC 
AMSTA AR CCHB 
BKONRAD 
E RIVERA 
G EUSTICE 
SPATEL 
GWAGNECZ 
RSAYER 
FCHANG 
BLDG 65 
PICATINNY ARSENAL NJ 
07806-5000 

1 CDRUSARDEC 
AMSTA AR QAC 
T D RIGOGLIOSO 
BLDG 354 M829E3IPT 
PICATINNY ARSENAL NJ 
07806-5000 

6 CDR 
WRIGHT PATTERSON AFB 
WLFIVAMAYER 
SL MLBM S DONALDSON 
T BENSON-TOLLE 
C BROWNING 
J MCCOY 
FABRAHAMS 
2941 P STREET STE 1 
DAYTON OH 45433 

1 NAVAL SURFACE WARFARE 
CENTER 
DAHLGRENDIV 
CODEG06 
DAHLGRENVA 22448 

1 NAVAL RESEARCH LAB 
CODE 6383 
IWOLOCK 
WASHINGTON DC 20375-5000 
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NO. OF 
COPES ORGANIZATION 

NO. OF 
COPIES ORGANIZATION 

1 OFFICE OF NAVAL RESEARCH 
MECH DIV CODE 1132SM 
YAPARAJAPAKSE 
ARLINGTON VA 22217 

1 NAVAL SURFACE WARFARE CTR 
TECH LIBRARY CODE 323 
17320 DAHLGRENRD 
DAHLGRENVA 22448 

NAVAL SURFACE WARFARE 
CENTER 
M JOHNSON 
CODE 20H4 
LOUISVILLE KY 40214-5245 

DR FRANK SHOUP 
EXPEDITIONARY WARFARE DIV 
N85 
2000 NAVY PENTAGON 
WASHINGTON DC 20350-2000 

OFFICE OF NAVAL RESEARCH 
D SIEGEL 351 
800 N QUINCY ST 
ARLINGTON VA 22217-5660 

NAVAL SURFACE WARFARE CTR 
JOSEPH H FRANCIS 
CODE G30 
DAHLGRENVA 22448 

NAVAL SURFACE WARFARE CTR 
CODE G32 D WILSON 
CODE G32 R D COOPER 
DAHLGRENVA 22448 

NAVAL SURFACE WARFARE CTR 
CODE G33 
JFRAYSSE 
EROWE 
TDURAN 
L DE SIMONE 
DAHLGRENVA 22448 

CDR NAVAL SEA SYS CMD 
DLIESE 
2531 JEFFERSON DAVIS HWY 
ARLINGTON VA 22242-5160 

NAVAL SURFACE WARFARE CTR 
ME LACY CODE B02 
17320 DAHLGRENRD 
DAHLGRENVA 22448 

NAVAL SURFACE WARFARE CTR 
RHUBBARDG33C 
DAHLGREN DIVISION 
DAHLGREN VA 22448-5000 

DIR 
LLNL 
RCHRISTENSEN 
S DETERESA 
FMAGNESS 
M FINGER 
PO BOX 808 
LIVERMORECA 94550 

NAVSEA OJRI 
GCAMPONESCHI 
2531 JEFFERSON DAVIS HWY 
ARLINGTON VA 22242-5160 

USAF 
WIVMLS OLA HAKIM 
5225 BAILEY LOOP 243E 
MCCLELLAN AFB CA 55552 

LLNL 
FADDESSIO 
MS B216 
JREPPA 
MS F668 
PO BOX 1633 
LOS ALAMOS NM 87545 

OAK RIDGE NATIONAL LAB 
RM DAVIS 
PO BOX 2008 
OAK RIDGE TN 37831-6195 

NASA LANGLEY RSRCH CTR 
MS 266 
AMSRLVSWELBER 
F BARTLETT JR 
HAMPTON VA 23681-0001 
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NO. OF 
COPIES ORGANIZATION 

3 UDLP 
PJANKEMS170 
T GIOVANETTI MS 236 
BVANWYKMS389 
4800 EAST RIVER RD 
MINNEAPOLIS MN 55421-1498 

4 DIRSNL 
APPLIED MECHANICS DEPT 
DIV 8241 
WKAWAHARA 
KPERANO 
D DAWSON 
PNIELAN 
PO BOX 969 
LIVERMORECA 94550-0096 

1 BATTELLE 
CRHARGREAVES 
505 KING AVE 
COLUMBUS OH 43201-2681 

1 PACIFIC NORTHWEST LAB 
M SMITH 
PO BOX 999 
RICHLANDWA 99352 

1 LLNL 
M MURPHY 
PO BOX 808 L 282 
LIVERMORECA 94550 

1 DREXEL UNIVERSITY 
A S D WANG 
32ND AND CHESTNUT ST 
PHILADELPHIA PA 19104 

1 PENNSYLVANIA STATE UNTV 
CBAKIS 
227 N HAMMOND 
UNIVERSITY PARK PA 16802 

1 NC STATE UNIVERSITY 
CIVIL ENGR DEPT 
W RASDORF 
PO BOX 7908 
RALEIGH NC 27696-7908 

NO. OF 
COPIES ORGANIZATION 

1 PENNSYLVANIA STATE UNTV 
RMCNITT 
227 HAMMOND BLDG 
UNIVERSITY PARK PA 16802 

1 PENNSYLVANIA STATE UNTV 
R S ENGEL 
245 HAMMOND BLDG 
UNIVERSITY PARK PA 16801 

1 PURDUE UNIVERSITY 
SCHOOL OF AERO AND ASTRO 
CTSUN 
W LAFAYETTE IN 47907-1282 

1 STANFORD UNIVERSITY 
DEPT OF AERONAUTICS AND 
AEROBALLISTICS DURANT BLDG 
STSAI 
STANFORD CA 94305 

1 UCLA 
MANE DEPT ENGR IV 
H THOMAS HAHN 
LOS ANGELES CA 90024-1597 

3 TUSKEGEE UNTV 
MATERIALS RSRCH LAB 
SCHOOL OF ENGR AND ARCH 
SJEELANI 
HMAHFUZ 
UVAIDYA 
TUSKEGEE AL 36088 

2 U OF DAYTON RESEARCH INST 
RYKIM 
AKROY 
300 COLLEGE PARK AVE 
DAYTON OH 45469-0168 

1 UNIVERSITY OF DAYTON 
JM WHITNEY 
COLLEGE PARK AVE 
DAYTON OH 45469-0240 
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NO. OF 
COPIES ORGANIZATION 

2 UNIVERSITY OF DELAWARE 
CTR FOR COMPOSITE MTRLS 
J GILLESPIE 
MSANTARE 
201 SPENCER LABORATORY 
NEWARK DE 19716 

1 UNIVERSITY OF ILLINOIS AT 
URBANA CHAMPAIGN 
NATIONAL CTR FOR COMPOSITE 
MATERIALS RESEARCH 
216 TALBOT LAB 
JECONOMY 
104 S WRIGHT ST 
URBANA IL 61801 

1 UNIVERSITY OF KENTUCKY 
LPENN 
763 ANDERSON HALL 
LEXINGTON KY 40506-0046 

1 UNIVERSITY OF UTAH 
DEPTOFMECHAND 
INDUSTRIAL ENGR 
S SWANSON 
SALT LAKE CITY UT 84112 

1 UNTV OF WYOMING 
D ADAMS 
PO BOX 3295 
LARAMEE WY 82071 

3 THE UNTV OF TEXAS AT 
AUSTIN 
CTR FOR ELECTROMECHANICS 
J PRICE 
A WALLS 
JKITZMELLER 
10100 BURNET RD 
AUSTIN TX 78758-4497 

3 VIRGINIA POLYTECHNICAL 
INSTITUTE AND STATE UNTV 
DEPTOFESM 
MWHYER 
K REIFSNIDER 
R JONES 
BLACKSBURG VA 24061-0219 

NO. OF 
COPIES ORGANIZATION 

1 UNTV OF MARYLAND 
AJVIZZTNI 
DEPT OF AEROSPACE ENGR 
COLLEGE PARK MD 20742 

1 MICHIGAN ST UNTV 
RAVERJLL 
3515 EBMSM DEPT 
EAST LANSING MI 48824-1226 

1 AAI CORPORATION 
TGSTASTNY 
PO BOX 126 
HUNT VALLEY MD 21030-0126 

1  ■     JOHN HERBERT 
PO BOX 1072 
HUNT VALLEY MD 21030-0126 

1 ARMTEC DEFENSE PRODUCTS 
SDYER 
85 901 AVE 53 
PO BOX 848 
COACHELLA CA 92236 

1 DAVJD TAYLOR RSRCH CTR 
SHIP STRUCTURES AND 
PROTECTION DEPT 
J CORRADO CODE 1702 
BETHESDAMD 20084 

2 DAVID TAYLOR RSRCH CTR 
R ROCKWELL 
WPHYTLLAIER 
BETHESDAMD 20054-5000 

1 DEFENSE NUCLEAR AGENCY 
INNOVATIVE CONCEPTS DIV 
DRRROHR 
6801 TELEGRAPH RD 
ALEXANDRIA VA 22310-3398 

2 ADVANCED COMPOSITE 
MATERIALS CORP 
PHOOD 
J RHODES 
1525 S BUNCOMBE RD 
GREERSC 29651-9208 
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NO. OF 
COPIES ORGANIZATION 

1 SAIC 
DDAKIN 
2200 POWELL ST STE 1090 
EMERYVILLE CA 94608 

1 SAIC 
M PALMER 
2109 AIR PARK RD S E 
ALBUQUERQUE NM 87106 

1 SAIC 
RACEBAL 
1225 JOHNSON FERRY RD 
STE 100 
MARIETTA GA 30068 

1 SAIC 
G CHRYSSOMALLIS 
3800W80THST 
STE 1090 
BLOOMINGTON MN 55431 

4        ALLIANT TECH SYS INC 
CCANDLAND 
RBECKER 
LLEE 
RLONG 
DKAMDAR 
G KASSUELKE 
600 2ND ST NE 
HOPKINS MN 55343-8367 

1 AMOCO PERFORMANCE 
PRODUCTS INC 
M MJ.CHNO JR 
4500 MCGINNIS FERRY RD 
ALPHARETTA GA 30202-3944 

1 APPLIED COMPOSITES 
WGRISCH 
333 NORTH SIXTH ST 
ST CHARLES IL 60174 

1 BRUNSWICK DEFENSE 
T HARRIS 
STE 410 
1745 JEFFERSON DAVIS HWY 
ARLINGTON VA 22202 

NO. OF 
COPIES ORGANIZATION 

1 PROJECTILE TECH INC 
515 GILES ST 
HAVRE DE GRACE MD 21078 

1 CUSTOM ANALYTICAL ENGR 
SYS INC 
A ALEXANDER 
13000 TENSOR LANE NE 
FLINTSTONE MD 21530 

1 NOESIS INC 
ABOUTZ 
1110 N GLEBE RD STE 250 
ARLINGTON VA 22201-4795 

1 ARROW TECH ASSOC 
1233 SHELBURNE RD STE D 8 
S BURLINGTON VT 05403-7700 

5 GEN CORP AEROJET 
D PJLLASCH 
T COULTER 
CFLYNN 
DRUBAREZUL 
MGREINER 
1100 WEST HOLLYVALE ST 
AZUSA CA 91702-0296 

7 CrVJL ENGR RSRCH FOUNDATION 
H BERNSTEIN PRESIDENT 
CMAGNELL 
K ALMOND 
RBELLE 
MWnXETT 
EDELO 
B MATTES 
1015 15TH ST NW STE 600 
WASHINGTON DC 20005 

1 NATIONAL INST OF 
STANDARD AND TECH 
STRUCTURE AND MECH GRP 
POLYMER DIV POLYMERS 
RMA209 
GMCKENNA 
GAITHERSBURG MD 20899 
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NO. OF 
COPIES ORGANIZATION 

1 DUPONT COMPANY 
COMPOSITES ARMID FIBERS 
S BORLESKE DEV MGR 
CHESNUT RUN PLAZA 
PO BOX 80702 
WILMINGTON DE 19880-0702 

1 GENERAL DYNAMICS 
LAND SYS DIV 
DBARTLE 
PO BOX 1901 
WARREN MI 48090 

3 HERCULES INC 
RBOE 
FPOLICELLI 
J POESCH 
PO BOX 98 
MAGNA UT 84044 

3 HERCULES INC 
G KUEBELER 
JVERMEYCHUK 
B MANDERVJLLE JR 
HERCULES PLZ 
WILMINGTON DE 19894 

1 HEXCEL 
M SHELENDICH 
11555 DUBLIN BLVD 
PO BOX 2312 
DUBLIN CA 94568-0705 

1 IAP RESEARCH INC 
ACHALLITA 
2763 CULVER AVE 
DAYTON OH 45429 

5 INSTITUTE FOR ADVNCD 
TECH 
TKIEHNE 
HFAIR 
P SULLIVAN 
W REINECKE 
IMCNAB 
4030 2 W BRAKER LN 
AUSTIN TX 78759 

NO. OF 
COPIES ORGANIZATION 

1 INTEGRATED COMPOSITE 
TECH 
HPERKINSONJR 
PO BOX 397 
YORK NEW SALEM PA 
17371-0397 

1 INTERFEROMETRICS INC 
RLARPJVAVP 
8150 LEESBURG PIKE 
VIENNA VA 22100 

1 AEROSPACE RES AND DEV 
ASRDD CORP 
DELDER 
PO BOX 49472 
COLORADO SPRINGS CO 
80949-9472 

1 LORAL VOUGHT SYSTEMS 
PM ADVANCED CONCEPTS 
JTAYLOR 
PO BOX 650003 
MSWT21 
DALLAS TX 76265-0003 

2 LORAL VOUGHT SYSTEMS 
G JACKSON 
KCOOK 
1701 W MARSHALL DR 
GRAND PRAIRIE TX 75051 

1 BRIGS CO 
JBACKOFEN 
2668 PETERBOROUGH ST 
HERDON VA 22071-2443 

1 SOUTHWEST RSRCHINST 
ENGR AND MTRL SCIENCES DIV 
J RIEGEL 
6220CULEBRARD 
PO DRAWER 28510 
SAN ANTONIO TX 78228-0510 

1 ZERNOW TECHNICAL SERVICES 
LZERNOW 
425 W BONITA AVE STE 208 
SAN DMAS CA 91773 
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NO. OF 
COPIES ORGANIZATION 

1 DR ROBERT EICHELBERGER 
CONSULTANT 
409 W CATHERINE ST 
BEL AIR MD 21014-3613 

1 DRPEICfflCHOU 
DYNA EAST CORP 
3201 ARCH ST 
PHILADELPHIA PA 19104-2711 

2 MARTIN MARIETTA CORP 
PDEWAR 
L SPONAR 
230 EAST GODDARD BLVD 
KING OF PRUSSIA PA 19406 

2 OLIN CORP 
FLINCHBAUGHDIV 
ESTEINER 
B STEWART 
PO BOX 127 
RED LION PA 17356 

1 OLIN CORP. 
LWHTTMORE 
10101 9TH ST NORTH 
ST PETERSBURG FL 33702 

1 RENNSAELER POLYTECHNIC 
INSTITUTE 
RB PIPES 
PRES OFC PITTSBURG BLDG 
TROY NY 12180-3590 

1 SPARTA INC 
JGLATZ 
9455 TOWNE CTR DRIVE 
SAN DIEGO CA 92121-1964 

2 UNITED DEFENSE LP 
PPARA 
G THOMAS 
1107 COLEMAN AVE BOX 367 
SAN JOSE CA 95103 

1 MARINE CORPS SYS COMMAND 
PM GROUND WPNS 
COL R OWEN 
2083 BARNETT AVE STE 315 
QUANTICO VA 22134-5000 

NO. OF 
COPIES ORGANIZATION 

1 OFFICE OF NAVAL RES 
JKELLY 
800 N QUINCEY ST 
ARLINGTON VA 22217-5000 

2 NAVAL SURFACE WARFARE 
CENTER 
CARDEROCKDVI 
R CRANE CODE 2802 
C WILLIAMS CODE 6553 
3ALEGGETTCIR 
ANNAPOLIS MD 21402 

5        SIKORSKY 
HBUTTS 

• T CARSTENSAN 
BKAY 
SGARBO 
J ADELMANN 
6900 MAIN ST 
PO BOX 9729 
STRATFORD CT 06601-1381 

1 AMOCO POLYMERS 
J BANISAUKAS 
4500 MCGINNIS FERRY RD 
ALPHARETTA GA 30005 

1 HEXCEL 
TBITZER 
11711 DUBLIN BLVD 
DUBLIN CA 94568 

1 BOEING 
R BOHLMANN 
PO BOX 516 MC 5021322 
ST LOUIS MO 63166-0516 

1 LOCKHEED MARTIN 
R FIELDS 
1195 IRWIN CT 
WINTER SPRINGS FL 32708 

1 PRATT AND WHITNEY 
DHAMBRICK 
400 MAIN ST MS 114-37 
EAST HARTFORD CT 06108 
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NO. OF 
COPIES ORGANIZATION 

NO. OF 
COPIES ORGANIZATION 

1 DOUGLAS PRODUCTS DIV 
BOEING 
LJHART SMITH 
3855 LAKEWOOD BLVD 
D800-0019 
LONG BEACH CA 90846-0001 

1 MIT 
P LAGACE 
77 MASS AVE 
CAMBRIDGE MA 01887 

1 NASA LANGLEY 
J MASTERS 
MS 389 
HAMPTON VA 23662-5225 

1 CYTEC 
MLIN 
1440 N KRAEMER BLVD 
ANAHEIM CA 92806 

2 BOEING ROTORCRAFT 
PMINGURT 
PHANDEL 
800 B PUTNAM BLVD 
WALLINGFORD PA 19086 

2 FAA TECH CENTER 
DOPLINGERAAR431 
P SHYPRYKEVICH AAR 431 
ATLANTIC CITY INTL 
AIRPORT NJ 08405 

1 NASA LANGLEY RC 
CCPOEMS188E 
NEWPORT NEWS VA 23608 

1 LOCKHEED MARTIN 
S REEVE 
8650 COBB DR 
D 73-62 MZ 0648 
MARIETTA GA 30063-0648 

1 WLMLBC 
ESHINN 
2941 PST STE 1 
WRIGHT PAT AFB OH 
45433-7750 

ITT RESEARCH CTR 
DROSE 
201 MILL ST 
ROME NY 13440-6916 

BW ROSEN 
MATERIALS SCIENCES CORP 
500 OFFICE CTR DR 
STE 250 
FORT WASHINGTON PA 19034 

DOWUT 
STIDRICK 
15 STERLING DR 
WALLINGFORD CT 06492 

NIST 
RPARNAS 
JDUNKERS 
M VANLANDINGHAM 
D HUNSTON 
POLYMERS DIV 
GAITHERSBURG MD 20899 

NORTHROP GRUMMAN 
ENVIRONMENTAL PROGRAMS 
ROSTERMAN 
8900 E WASHINGTON BLVD 
PICO RIVERA CA 90660 

OAK RIDGE NATL LAB 
A WERESZCZAK 
BLDG 4515 MS 6069 
PO BOX 2008 
OAKRBDGE TN 37831-6064 

DIR 
US ARMY RESEACH LAB 
AMSRLWMMB 
AABRAHAMIAN 
MBERMAN 
AFRYDMAN 
TU 
WMCINTOSH 
ESZYMANSKI 
2800 POWDER MILL RD 
ADELPHIMD 20783 
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NO. OF 
COPIES ORGANIZATION 

ABERDEEN PROVING GROUND 

113 DIRUSARL 
AMSRLCI 

C NDETUBICZ 394 
AMSRL CIC 

WSTUREK1121 
AMSRL CICB 

R KASTE 394 
AMSRL CI S 

A MARK 309 
AMSRL SLB 
AMSRL SLBA 
AMSRL SLBL 

D BELY 328 
AMSRL WMB 

AHORST390A 
E SCHMIDT 

AMSRL WM BE 
G WREN 390 
C LEVERITT 390 
D KOOKER 390A 

AMSRL WMBC 
P PLOSTTNS 390 
D LYON 390 
J NEWILL 390 
S WDLKERSON 390 

AMSRL WMBD 
R FIFER 390 
B FORCH 390A 
R PESCE RODRIGUEZ 390 
B RICE 390A 

AMSRL WB 
D VIECHNICKI4600 
GHAGNAUER4600 
J MCCAULEY 4600 

AMSRL WM MA 
R SHUFORD 4600 
S MCKNIGHT 4600 

AMSRL WM MB 
B BURNS 4600 
WDRYSDALE390 
J BENDER 4600 
TBLANAS4600 
TBOGETTI4600(5CPS) 
RBOSSOLI120 
L BURTON 4600 
J CONNORS 4600 
S CORNELISON 120 
P DEHMER 4600 

NO. OF 
COPIES ORGANIZATION 

R DOOLEY 4600 (15 CPS) 
B FINK 4600 
G GAZONAS 4600 
S GHIORSE 4600 
D GRANVILLE 4600 
D HOPKINS 4600 
C HOPPEL 4600 
D HENRY 4600 
R KASTE 4600 
R KLINGER 4600 
M LEADORE 4600 
R LIEB 4600 
E RIGAS 4600 (15 CPS) 
D SPAGNUOLO 4600 (15 CPS) 
W SPURGEON 4600 
J TZENG 4600 

AMSRL WM MC 
THYNES4600 

AMSRL WM MD 
W ROY 4600 

AMSRL WM MC 
R ADLER 4600 

AMSRL WMT 
D DIETRICH 309 

AMSRL WMTA 
W GILLICH 393 
W BRUCHEY 393 
T HAVEL 393 

AMSRL WMTC 
R COATES 309 
W DE ROSSET 309 

AMSRL WM TD 
A DAS GUPTA 309 

AMSRL WMBA 
F BRANDON 120 
WDAMICO120 

AMSRL WMBB 
J BORNSTEIN 120 

AMSRL WMTE 
A ZIELINSKI390 
J POWELL 120 

AMSRL WMBF 
J LACETERA 120 
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NO. OF 
COPIES ORGANIZATION 

1 MERL 
R MARTIN 
LTD 
TAMWORTHRD 
HERTFORD SG13 7DG 
UNITED KINGDOM 

NO. OF 
COPIES ORGANIZATION 

2        ROYAL MILITARY COLLEGE OF 
SCIENCE SHRIVENHAM 
DBAULMAN 
B LAWTON 
SWINDON WILTS SN6 8LA 
UNITED KINGDOM 

SMC SCOTLAND 
PWLAY 
DROSYTH 
ROSYTH ROYAL DOCKYARD 
DUNFERMLINEFIFE KY 11 2XR 
UNITED KINGDOM 

TGOTTESMAN 
CrVIL AVIATION ADMIN 
PO BOX 8 
BEN GURION INTL AIRPORT 
LOD 70150ISREAL 

SANDRE 
AEROSPATIALE 
A/BTE/CC/RTE MD 132 
316 ROUTE DE BAYONNE 
TOULOUSE 31060 
FRANCE 

JBAUER 
DAIMLER BENZ AEROSPACE 
D 81663 MÜNCHEN 
MUNICH 
GERMANY 

DRA FORT HALSTEAD 
PN JONES 
DSCOTT 
MHINTON 
SEVEN OAKS KENT TN 147BP 
UNITED KINGDOM 

FRANCOIS LESAGE 
DEFENSE RSRCH ESTAB 
VALCARTIER 
PO BOX 8800 
COURCELETTE QUEBEC COA 
IRO CANADA 

SWISS FEDERAL ARMAMENT 
WORKS 
WLANZ 
ALLMENDSTRASSE 86 
3602 THUN 
SWITZERLAND 

PROFESSOR SOL BODNER 
ISRAEL INST OF TECH 
FACULTY OF MECH ENGR 
HAIFA 3200 ISRAEL 

DSTO 
MTRLS RSRCH LAB 
NBURMAN 
NVL PLATFORM VULNERABILITY 
SOUP STRUCTURES AND 
MATERIALS DIV 
PO BOX 50 
ASCOT VALE VICTORIA 
AUSTRALIA 3032 

PROFESSOR EDWARD CELENS 
ECOLE ROYAL MILITAIRE 
AVE DE LA RENAISSANCE 30 
1040 BRUXELLE 
BELGIQUE 

DEF RES ESTABLISHMENT 
VALCARTIER 
ADUPUIS 
2459 BOULEVARD PIE XI NORTH 
VALCARTIER QUEBEC 
CANADA 
PO BOX 8800 COURCELETTE 
GOA IRO QUEBEC CANADA 
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NO. OF 
COPIES ORGANIZATION 

1 INSTITUT FRANCO ALLEMAND DE 
RECHERCHES DE SAMT LOUIS 
DE MARC GIRAUD 
5 RUE DU GENERAL CASSAGNOU 
BOITE POSTALE 34 
F 68301 SAINT LOUIS CEDEX 
FRANCE 

1 ECOLE POLYTECH 
JMANSON 
DMXLTC 
CH 1015 LAUSANNE SWITZERLAND 

1        TNO PRINS MAURITS LAB 
RUSSELSTEIN 
LANGE KLEIWEG 137 
PO BOX 45 
2280AARUSWIJK 
THE NETHERLANDS 

1 FOA NATL DFNS RSRCH ESTAB 
BJANZON 
RHOLMLIN 
DIR DEPT OF WEAPONS AND 
PROTECTION 
S 172 90 STOCKHOLM 
SWEDEN 

2 DEFENSE TECH AND PROC 
AGENCY GRD 
GLAUBE 
GENERAL HERZOG HAUS 
3602 THUN 
SWITZERLAND 

NO. OF 
COPIES ORGANIZATION 

1 DIR 
ERNST MACH INSTITUT EMI 
HAUPTSTRASSE 18 
79576 WEIL AM RHEIN 
GERMANY 

1 ERNST MACH INSTITUT EMI 
ASTDLP 
ECKERSTRASSE 4 
7800 FREIBURG 
GERMANY 

1        IRHANSPASMAN 
TNO DEFENSE RSRCH 
POSTBUS 6006 
2600JADELFT 
THE NETHERLANDS 

1 B HIRSCH 
TACHKEMONY ST 6 
NETAMUA 42611 
ISRAEL 

1 PROF M HELD 
DEUTSCHE AEROSPACE AG 
DYNAMICS SYSTEMS 
PO BOX 1340 
D 86523 SCHROBENHAUSEN 
GERMANY 

MINISTRY OF DEFENCE 
RAFAEL 
M MAYSELESS 
ARMAMENT DEV AUTHORITY 
PO BOX 2250 
HAIFA 31021 ISRAEL 

DYNAMEC RESEARCH LAB 
APERSSON 
PARADISGRND 7 
S 151 36 SODERTAL3E 
SWEDEN 
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